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Table 2. Detailed characteristics of primer sequence, amplified region, observed mutation and allele size  
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Fig. 1. Geographical distribution of four sheep breeds in Iran  (1: Afsahri, 2: Baluchi 3: Makui and 4: Mehraban 
sheep) 

L�� 1 - )%(�"  ��%� �� ��N	�� ��5� �
!\ �%
8?��V3 )1 �'�
�?� :2 �\��& :3 � �%��
� :4- �( 
&�!  

J���& K@
 /  

 L�� ��2 g�r$�  R�4 (� LO
0  : BMP15&
  R%1�

W
QfP �(���� � �b8"��: (+/+)BB :bp   106  �35 �

U8"��:) -/-( bp :MM 141U8"��: � ) -(+/BM :bp  141  �

35 �106 �� ����  
��>	� �.  L�� �� Z8�y*43 

U8"��: : z��2� '
4  GDF9R%1� &  �(���� � �b8"��:

P W
Qf(+/+)GG: bp254  �156 �52 U8"��: � ) -/ -

(DD:bp410  �52 U8"��: � )-(+/GD: bp410  �254 �

156 �52 R8SK"���� '��&. ������? �#%� '�	 (� ��: '
4

���� Z88Q" ��5� �4 '��& �b8"��: ��  Z8& �� � '��X &

 .��& �8V�� z��2� '
4��5�������? Z%����� 
& ��;� '
4 '
4

�� .>	� S%
K� L&
P 
4��5� �#%� �� ��.P ��� ���

������? Z%��*� � Z%���8&�!3 ��;� '
4& �?
% �� d8"�"

�%��
� ��N	�� )27/0'�
�?� � ( )10/0  : '��& (

BMP15 ) '�
�?� �� �24/0 
&�!� � ( )18/0  : '��& (

GDF9 .����& ��Q� ��X & �%�(��P��\& '��� �8	�

 : �4 U8"��: �� ���P �8e�" >$"U8"��: � ��8� '
4

�#%(���4 W & >.S� '�"j
& �%�(��P��\ � 
�� �� �4 '��&

U8"��:�#%(�*4 '
4 W��  
��4��� )P<0.01 .( -8;
��

�& �%
�?  T
	�DIVA-GIS �	��& '��&  ��5� )%(�" M��"

Q;
f� ���� JX
�� �
*" �� ��N	�� ���
& >?�� ���P J.X .

 c%
��F�� �g
*� �� M��" Z%�"j
& 
& JX
�� ���   ��%� h�i

������ ���P ��5� �� '���
& M��" w�
� Z%���8& .

g
*� JX
��  ���N	��  ��4
��  ��%� h�i�.�  ��f�
*4

 L�� �� �4 �� ��4
�� ��� U8"��: � '���?�GD  ��

�� L*0 U8"��: & >.S� '���8& �%�(��P��\ ����GG 

��  
��.��4� 8�y*4 
*4 Z� ��X  L�� ��5   
��

>	� ��� ����  U8"��: � '���?�BM �� L*0 �� ����

 U8"��: & >.S� '���8& �%�(��P��\ MM��  
��.��4� 

L�� '
46  �7 &��N	�� M��" d8"�" �   : '��&GDF9 � 

BMP15  ��  
�� ��4��.� �� ��4
�� � ��f�
*4��� 

JX
�� 
& M��" �1%� �  
�	��� & ��&�� �%�(��P�� (� �%j

 : GDF9 .�����  
�� ��  (� �?�XJX
��  
�	���  �

  : & ��&�� �%�(��P�� (� �%j
& M��" �&�i  
+%
&�l�

BMP15  ��  .�����  
��     



  
�S&
"/��� ��
*�/��
!\ g
	 ���� W��8;�" W
K8K$"1394 )86 -77            (                                                                  81  

 

  

Fig. 2. RFLP patterns of PCR amplification of BMP15. Left: PCR product of BMP15 gene; right: different 
genotypes of BMP15 gene, (+/+): 106 and 35 bp, ) -/ -(  141 bp, ) -(+/ : 141,106 and 35 bp 
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Fig. 3. RFLP patterns of PCR amplification of GDF9. Left: PCR product of GDF9 gene; right: different genotypes 
of GDF9 gene, (+/+): 52,156, and 245 bp, ) -/-( : 52 and 410  bp, ) -(+/ : 52, 156, 254,  and 410 bp 
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Fig. 4. Sheep breeds map based on GDF9 genotypes in Iran.  The blue and red colors represent different genotypes, 
respectively (GD and GG) 
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Fig. 5. Sheep breeds map based on BMP15 genotypes in Iran. The blue, green and red colors represent different 
genotypes (BB, MM and BM)  
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Fig. 6. Sheep diversity derived from Shannon index for GDF9 gene 
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Fig. 7. Sheep diversity derived from Shannon index based on BMP15 gene  
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Abstract 

The genetic diversity of the world’s livestock populations is decreasing, both within and across breeds. The 
conservation of livestock genetic variability is thus important, especially when considering possible future changes 
in production environments.  Current research focuses on GIS analysis of the sheep diversity based on fecundity and 
DNAmarkers of four sheep breeds over Iran. A totalof 97 mature ewes (Afshari=19; Baluchi=18; Makui=30 and 
Mehraban=30) collected with known single or twin lambings from different locations of Iran to assess  genetic  
diversity of fecundity using  morphology, DNA information analysis  and  DIVA-geographic  information  system  
(GIS). Polymorphism of two GDF9 and BMP15 candidate geneswas investigated using PCR-RFLP. Litter size was 
significantly influenced by genotype of each gene, and heterozygous genotypes for both loci showed higher litter 
size than the homozygous genotypes (P<0.01). According to the obtainedresults, the regions that are richest in 
diversity located in North West of Iran. DIVA-GIS showed the highest diversity index for fecundity between Iranian 
indigenous sheep. The  highest  diversity index  for  fecundity was  observed  in  the  sheep breed from  North West   
parts  of  Iran.  
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